The Variation of Refractive Powers in Solutions: The Variation of the Position of Absorption Bands of Solutions, as Shewn by Measurements of Refractive Index and of Optical Rotary Power. by Dickes, W. E.
THESIS SUBMITTED FOR THE DEGREE OF M.Sc 
IN THE UNIVERSITY OF LONDON.
PART I .  THE VARIATION OF REFRACTIVE POWERS
IN SOLUTIONS. _ .Pp, * I/O
PART I I .  THE VARIATION OF THE POSITION OF
ABSORPTION BANDS OF SOLUTIONS,
AS SHEWN BY MEASUREMENTS OF REFRACTIVE
INDEX AND OF OPTICAL ROTATORY POWER.
Pp. 85 t o  3 8 .
ProQuest Number: 10803926
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uesL
ProQuest 10803926
Published by ProQuest LLO (2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
AThe work embodied i n  t h i s  t h e s i s  was c a r r ie d  out  by 
me i n  the  l a b o r a t o r i e s  o f  B a t t e r s e a  p o l y t e c h n i c ,  between.  
September 1922 and October 1933,  under the  d i r e c t i o n  and 
s u p e r v i s i o n  o f  Dr. J ,  Kenyon, t o  whom, as  w e l l  a s  to  Dr.  
R .H .P ickard ,  I am much in d eb ted  f o r  k in d n ess  and a s s i s t a n c e ,  
E s p e c i a l  acknowledgment i s  a l s o  due in  r e s p e c t  o f  c o n s ta n t  
h e l p  and advice  from Mr. H. Hunter.
November, 1923 . p .
; R e s e a r c h e s  by Kundt (W ied: A n n : , 1878, 4^ 34} and ,1
Kazay (Chem: Z e n t : ,  1 9 0 7 ," 1 1 ,7 7 3 )  I n d ic a te d  a change In the j
p o s i t i o n  o f  a b s o r p t io n  bands owing to  the e f f e c t  o f  s o lv e n ts . :  
I t  was co n s id er ed  p o s s i b l e  t h a t  a r e l a t i o n s h i p  between t h i s  | 
and the  v a r i a t i o n s  from the mixture law o f  r e f r a c t i v e  I n d ic e s  
in  s o l u t i o n s ,  might be fdund, based on the S e l lm e ie r  formula,!
As a p r e l im in a r y ,  the v a r i a t i o n  o f  the r e f r a c t i v e  i
i n d i c e s  in  s o l u t i o n  was i n v e s t i g a t e d  f o r  two s u b s ta n c e s  o f
an a p p a re n t ly  d i f f e r e n t  n a tu r e ,  v i z : ,  l . ~ s e c . - o c t y l , a l c o h o l  
and i t s  a c e t a t e ,  whose s t r u c t u r e  would seem not  t o  be the  
■ same, .because’ t h e I r ,  b e h a v i o u r  towards o p t i c a l  r o t a t o r y  
power shews - t h a t  the former i s  "simple" and the l a t t e r  . . / j
"complex". A c o n s id e r a b le  v a r i a t i o n  in  the r e f r a c t i v e  i n d i c e s  
was found ( as  shewn ; In  T a b l e s  I l i a  and : I l i b ) , and t h i s  was 
t h e r e f o r e  thought  s u f f i c i e n t l y  encourag in g  to  warrant  
G ont inu ln g-w ith  Part I I .
■ The: f a c t  t h a t  t h e r e  i s . h a r d l y : a n y  d i f f e r e n c e  in  the  
behav iou r  o f  the  a l c o h o l  and o f  t h O / e s t e r  w ith  regard to  
r e f r a c t i o n  would appear^to i n d i c a t e  t h a t  there  i s  no funda-  
m e n ta l  d i f f e r e n c e  in  the s t r u c t u r e  o f  the .two compounds, and 
t h a t  the  d i f f e r e n c e  i n  the r o t a t o r y  d i s p e r s i o n  I s  one o f  
degree r a th e r  than o f^ k in d i  in  o t h e r  words; t h a t  there  i s  no 
such  t h i n g  a s  " s i m p le "  r o t a t o r y  d i s p e r s i o n  i n  th e  s t r i c t  
sense  o f  the ph ra se ,  b u t  t h a t  the d i s t i n c t  c o n t r a s t  be tw een  
"complex" and " s i m p le "  compounds i s  due to  the f a c t  t h a t  
in  the former c a s e  th e  terms i n  the  d i s p e r s i o n  e q u a t io n  are 
markedly d i f f e r e n t  and g e n e r a l l y  o f  o p p o s i t e  s i g n ,  whereas  
i n  the  " s i m p le "  compounds the terms are s i m i l a r  and behave 
as o n e . The t e rm s  i n  the r e f r a c t i v e  ; d i s p e r s i o n  e q u a t i o n s ,  
on the o th e r  hand, cannot be markedly d i f f e r e n t ,  and: 
e s p e c i a l l y  cannot d i f f e r  in  s i g n ,  so t h a t  th ey  may always  
appear to  a c t  as one.
S 3  J H A  W JU A V-» .
f o r  s p s c i f i c  r e f r a c t l v i t i e s .  The d e n s i t i e s  (needed, i n  any 
c ase  f o r  th e  c a l c u l a t i o n  o f  t h e  s p e c i f i c  r o t a t o r y  powers i n  
part  I I )  were a c c o r d i n g l y  measured^ as w e l l  a s  the r e f r a c t i v e  
i n d i c e s ,  f o r  e a c h  s o l u t i o n .  The s p e c i f i c  r e f r a c t i v e  powers 
were c a l c u l a t e d  from e ach  o f  th e  two form ulae ,  and the r e s u l t *  
are shewn in  Tables  IVa, IVb, Va, Vb.
T here  i s  a  c o n s id e r a b le  v a r i a t i o n  f o r  the G la d s to n e - ^ :
Dale f o r m u la ,  b u t  a v e r y  sm a l l  one f o r  the L o r e n z - L o r e n t z ,  I 
This r e s u l t  d i f f e r s  from t h a t  recorded by Kowalski  (Comptes j 
Rendus, 133, 33) f o r  m i x t u r e s  o f  e t h y l  a l c o h o l  and b e n z e n e ,  
e t h y l  a l c o h o l  and t o l u e n e ,  and chloroform  and e t h e r ,  when 
he found t h a t  the mixture law was a p p l i c a b l e  f o r  b o th  formulae  
I t  i s ,  in d e e d /  g e n e r a l l y  a c ce p ted  t h a t  both th e se  g iv e  very  
f a i r  a p p r o x i m a t i o n  f o r  the r e f r a c t l v i t i e s  o f  s o l u t i o n s  ( s e e ,  
f o r  example, Knox, "Physico-Chem ical  C a l c u l a t i o n s " ,  p . 80 ) .
The l a r g e r  d e v i a t i o n  i n  th e  c ase  o f  the G l a d s t o n e - D a l e  
than in  t h a t  o f  t h e  L o r e n z - L o r e n t z  m igh t  s u g g e s t  a change o f  
s t a t e  i n  s o l u t i o n s .  Presumably no e v id en ce  would be g i v e n  
on t h i s  q u e s t io n  by the l a t t e r ,  s i n c e  i t  has  been found t o  
h o l d  f o r  many s u b s t a n c e s  ev en  t h r o u g h  the l i q u i d  i n t o  the  
g a s e o u s  s t a t e .  I n  a d i l u t e  s o l u t i o n ,  as  shewn by van  *t Hoff  
( P h i l :  Mag:, 1 8 8 8 ) ,  the s o l u t e  I s  i n  a  c o n d l t l o n c o r a p a r a b le  
t o  t h a t  o f  a g a s ,  and t h e r e  i s  no r e a s o n  t o  suppose t h a t  
any sharp l i n e  o f  d i v i s i o n  i s  passed  when th e  c o n c e n tr a t io n  
i s  i n c r e a s e d  c o n t i n u o u s l y  u n t i l  t h e  s o l u t e  may more r e a s o n ­
a b l y  be c a l l e d  t h e  s o l v e n t .  I t  would a p p e a r  t h a t  the pheno­
menon i s  a l l i e d  to  t h a t  o f  a g a s  p a s s i n g  c o n t i n u o u s l y  i n t o  . 
a l i q u i d  a t  th e  c r i t i c a l  p o i n t .
The change o f  s t a t e  m ig h t  p o s s i b l y  be o f  the  nature  
o f  compound fo rm a t io n ,  but t h e  e v id en ce  on the s u b j e c t  i s  
t o o  s l i g h t  f o r  a n y t h i n g  but the m e r e / s t  c o n j e c t u r e .
r e f r a c t o m a t e r  t h r o u g h  which w a t e r  was c i r c u l a t e d  from a 
therm osta t  a t  C. The temperature waa read in  the  
thermometer case  o f  the r e fr a c t o m e t e r  by means o f  a 
thermometer graduated In t e n t h s  o f  a d e g r e e ,  and e s t im a te d  
in  hundredths .  The temperature was in  t h i s  way kept  
c o n s ta n t  to  w i t h in  a t e n t h  o f  a degree (between 1 9 .8 6 °  
and 1 9 ,9 5 ° )  corresp ond ing  t o  a  v a r i a t i o n  o f  1 u n i t  in  
t h e  f o u r th  dec im al  p la c e  In the  r e f r a c t i v e  i n d e x .  Readings  
were taken  f o r  l i g h t  o f  s i x  d i f f e r e n t  r e f r a n g l b i l i t l e s  
from the l i t h i u m  and sodium f la m e s ,  and f o u r  from the  
e n c lo s e d  mercury a r c .
The s o l u t i o n s  were made up ^  w e ig h t  in  05 o . c .  
standard f l a s k s  o f  the Regnault  type  ( i . e . ,  h a v in g  the  
c a l i b r a t i o n  mark on a narrow neck ,  which widened a t  the  
top  t o  a l l o w  a i r  space f o r  s h a k in g ) .  An amount was taken  
such  as  to  be g r e a t e r  than s u f f i c i e n t  t o  r e a c h  the mark.
The f l a s k  wa@ then  l e f t  o v e r n ig h t  in  the  t h e r m o s ta t ,  and 
a d ju s te d  downwards by removing e x c e s s  l i q u i d  w ith  a bac~ 
t e r i o l o g i c a l  p i p e t t e  drawn o u t  to  à f i n e  end,  a f t e r  which 
the f l a s k  w&s r e p la c ed  f o r  a t  l e a s t  an hour ,  t o  make sure  
t h a t  the adjustm ent  was c o r r e c t .  The f l a s k  was then  weighed,  
and t h e  d e n s i t y  c a l c u l a t e d  from the r e s u l t .  I n  t h i s  way, 
no d i f f i c u l t y  was found i n  o b t a i n in g  the d e s i r e d  accuracy  
o f  0 .0 3 ^  in  the d e n s i t y ,  c o rresp o n d in g  to  an accuracy  o f  
1 u n i t  in  the f o u r t h  p la c e  o f  the r e f r a c t i v e  in d e x ,  t h i s  
b e in g  the g r e a t e s t  accu racy  o b ta in a b le  on a p u l f r i c h  
r e f r a c t o m e t e r .  The d e n s i t i e s  are recorded as determ ined,  
i . e . ,  compared w i th  water a t  the same tem perature .
I  i -
one o f  the pure l i q u i d s  t o  the  s o l u t i o n s .  So as  to  guard 
a g a i n s t  p r o g r e s s i v e  e r r o r s ,  th ree  s e r i e s  o f  measurements  
were made, one s t a r t i n g  w ith  l . - ^ e c . - o o t y l  a l c o h o l  and 
adding benzene (unmarked In T ab les  l a  and I1&), one i n  the  
r e v e r s e  d i r e c t i o n  ( marked #  i n  Tables  l a  and II%J, and one 
s t a r t i n g  with 65^ o c t y l  a l c o h o l  and adding benzene (marked 
"f" In  T a b l e s  l a  "and 11%). A l l  the p o i n t s  so o b t a i n e d  f e l l  
on the  same curve w i t h i n  the l i m i t s  o f  ex p e r im en ta l  e r r o r .
The method h a v in g  been j u s t i f i e d  i n  t h i s  way f o r  the  
a l c o h o l ,  o n ly  one s e r i e s  o f  o b s e r v a t i o n s  was taken f o r  
l . - B e o . * o c t y l  a c e t a t e  (T ab le s  Ib a n d l l l b ) .
MATERIALS. The l . ~ s e c . * o c t y l  a l c o h o l  was prepared by the  
r e v i s e d  method d e s c r ib e d  by Kenyon (Trans: Chem: S o c ; ,  1922,  
1 81 , 2 5 4 0 ) ,  and the a c e t a t e  a s  d e s c r ib e d  by P i c k a r d  and 
Kenyon (Trans;  Chem: S o c ; ,  1 9 1 4 , 1 0 5 , 8 3 0 ) .  The benzehe was 
o b t a i n e d  guaranteed  pure and f r e e  from th iop hen;  i t  wag 
t e s t e d  f o r  the l a t t e r  with  no r e s u l t ,  t h e n j p a r t i a l l y  f r o z e n .  
ÿST'' The s o l i d  p a rt  was sep a ra ted  and d i s t i l l e d  w ith  a f r a c t i o n "
a t i n g  column, but  as a l l  came over  w ithout  v a r i a t i o n  o f  
tem perature ,  o n ly  sm al l  p o r t i o n s  a t  the b e g in n in g  and end 
o f  the d i s t i l l a t i o n  were r e j e c t e d .
compared, w i th  water a t  th e  same t e m p e r a t u r e .
p e r c e n t a g e D e n s i t y
c o n c e n t r a t i o n . ' Observed. C a l c u l a t e d D i f f e r e n c e
100
1 40
0 .8 2 1 5
08 ,098 .8218 0 .8 2 2 6 +0.0008
9 2 .456 .8241 .8258 .0017
8 4 .4 7 3 .8276 .8303 .0027
7 7 .74 7 .8308 . .8342 ,0034
6 8 .4 8 1 .8368 .8394 .0036
^ 6 5 .5 7 5 .8368 .8410 .0042
6 1 .6 3 1 .8386 .8433 .0048
57 .807 .8406 .8457 .0048
4 9 .4 3 0 .8463 .8502 .0049
4 2 .2 6 2 .8493 .8452 .0049
3 6 .0 2 1 .8532 .8578 .0046
2 9 .8 4 6 .8567. .8613 .0046
f  26 .3 31 .8586 .8628 .0042
2 3 .7 4 2 .8608 .8648 .0040
# 2 3 . 1 2 2 .8618 .8651 .0033
1 8 .9 3 3 .8647 .8676 .0029
1 3 .8 0 1  r .8679 .8706 .0027
9 .9 4 2 .8704 .8728 .0024
8 .2 5 2 .8722 .8739 .0017
#  5 .6 6 6 .8737 .8753 .0016
5 .4 5 8 .8745 .8754 .0009
4  ^ 2 .9 8 9 .8767 .8769 .0002
^ 2 . 3 0 6 .8773 .8773 ' JL
0 .8788
-4---
p ercentage
c o n c e n t r a t i o n .
D e n s i t y  
Observed. C a l c u l a t e d D i f f e r e n c e ,
100 . 0 .8 6 17
9 6 .7 4 7 ; .8623 , 0 .8 6 2 3
8 7 .987 .8632 .8639
81 .1 1 8 .8645 .8652
7 0 .7 2 6 .8661 ,8671
55 .207 , .86 0 7 ; .8700
4 3 .25 4 .8708 .8723
3 6 .6 5 0 .8718 .8734
2 9 .1 6 8 .8733 ^8749
2 3 .1 4 2 . .8742 .8760
1 5 .842 .8763 .8774
9 .7 3 8 .8777 ,8785
4 .3 5 0 .8787 .8795
0 .8 8 0 2 .
+0.0007
.0007
.OOlO
.0013
.0015
.0016
.0017
.0018
.0 0 1 2
.0008
rr'9-
t -
t -
ra~
■ Ù -
E
"t-nr-
ivr>
lo o 1 .4 2 3 4 1 .42 5 9 1 ,4 2 6 4 1 .4277 ' 1 .4 3 5 2 ; 1 .43 8 4 t
0G.098 1 14 24V 1 .4 2 6 9 1 .4 3 5 3 1 ,42 8 9 1 .4364 1 .4398
92 .456 1*4277 1 . 43q4 1 .4 3 15 1 .4 32 4 1 .4 4 0  5 1 .4 4 4 2
84 .4 73 1 .4323 1 .4 3 5 3 1 .4357 1 .4373 1 .4 4 6 1 1 .4503 ■ ^
77 .747 1 ,4 3 6 3 1 .4 3 9 5 1 .4399 1.4417 1 .4512 1 .4556 r
6 8 .4 8 1 1 .44 5 4 1 .4 4 5 8 1 .4 4 7 8 1 ,4581 1 .4 6 3 0 t
^ 6 5 . 5 7 5 1 .4 4 40 1 .4 4 75 1 .4 4 7 9 1 .44 9 8 1 .46 0 5
6 1 .6 3 1 1 .4467 1 .4 50 3 1 .4507 1 .4528 1 ,4638 1.4690
L
■ [
57 .807 1 .4530 1 .4 5 3 5 1 .45 5 5 1 .4668 1 .4723
54 .0 2 1 1 .4414 1 .4566 1 .4 5 6 1 1 .4582 1 .4 7 0 1 1 .4756
4 9 .4 3 0 1 .4 55 2 1 .4 5 9 2 1 .4597 1 .46 1 9 1 ,4 7 4 1 1 .4799
4 2 .2 6 2 1 .4 6 0 1 1 ,46 4 2 1 .4 64 9 1 .4673 1 .4803 1.4864-
36 .0 21 1.4647 1 .4 6 9 2  , 1 .46 9 8 1 .4 7 2 3 1 .48 8 9 1 .4926
t
29 .846 1 .4693 1 ,4 7 3 8 1 ,4746 1 .4 7 7 1 1 ,4914 1 .4973 [
f  2 6 .3 3 1 1 .4 7 0 2 1 .47 6 4 1 .4800 1 .4926 1 .5005
23 .742 1 .4 7 43 1 .47 9 0 1 .4 8 08 1 .4824 1 .4974 1 .50 4 6 ii
it 23 .1 2 2 1 .4751 1 .4 7 9 8 I . 4A0 I 1 ,4832 1 .4985
18 .933 1 .47 8 3 1 .4832 1 ,4 8 3 9 1.4867 1 ,5 0 2 3 1 .5097
1 3 .8 0 1 1 .4 8 25 1 .48 7 6 1 .4883 1.4912 1 .50 7 3 1 .5 1 51
9 .9 4 2 1 .4 8 6 0 1 ,48 5 5 1 .4 9 2 0 1 .4949 1 .5115 1 .5194
tf, 8 .2 5 9 1 .4 8 76 1 .4929 1 .4 9 36 1 ,4966 1 .5134 1 .5315
5 .6 66 1 .4897 1 .49 4 8 1 .4 9 59 1 .49 9 0 1 .5 1 60
5.45G 1.4910 ^4954 1 .4961 1 .4 9 9 2 1 .51 6 5
^ 2 . 9 8 9 1 .49 2 2 1 .4 9 7 7 1 .4 9 8 6 1 .5017 , 1 ,5190 1 .5 2 7 3
2 .3 8 6 1 .4929 1 .4983 1 .4 9 9 0 1 ,5 0 2 1 ; 1 .5196
0 1.4952 1 .5007 1 .5 0 1 5 1 .5 0 4 7 1 .5 2 2 5 I . 53I 0
--b  —
W a v e - le n g th  
I n  1 . 0 . ,
p e r c e n t a g e  
c o n c e n t r a t i o n ,  n obi
R e f r a c t i v e  in d e x
n ^ a l c .  D i f f e r e n c e .
6708 100 1 .4334
99 .456 1 ,4277 1 .4288 +0.0011
»* 77 .7 47 1 ,4363 1 .4393 0 .0 0 3 0
4 9 ,4 3 0 1 ,4552 1 .4597 0 .0 0 4 5
♦» 2 9 .846 1 ,4693 1 .4748 0 .0 0 4 5
H 9 .9 4 2 , 1 .4 8 6 0 1 .4 8 80 0 .0 0 2 0
ÎI . 0 1 ,4953
.5896 V : \ io o 1 .4259
« 92 .456 1 ,.43o4 1 ,43 1 6 0 .0 0 1 2
»» 7 7 ,747 1 .43 9 5 1 .4427 0 .0 0 3 2
M 4 9 ,4 3 0 1 .4 5 9 2 1 .4 6 3 8 0 .0 0 4 6
If 29 .846 1 .4738 1 .4785 0 .0047
H 9 .9 4 2 1 .4 8 5 5 1 .4873 0 .0 0 1 8
: M ,v ,;.0 1,50071
5790 : ; i c o r 1 .4264
« 92 ,4 5 6 1 .4315 1 .43 2 3 0 .0 0 0 8
M 7 7 .7 4 7 l i4 39 & . 1 ,4 4 3 2 0 .00 3 3
H 4 9 ,4 3 0 1 .4597 1 .4 6 4 5 0 .0 0 4 8
II 2 9 .846 1 .4 7 4 6 . 1 .4 7 92 0 .0 0 4 6
« 9 .9 4 2 1 .4 92 0 1 .4 9 4 1 0 .0 0 2 1
If 0 1 .5016
5461 l o o  ' ' 1 .4 2 7 7
tf 9 2 .4 5 6 1 . 4 3 2 4 1 .4 3 3 3 + 0 .0 0 0 9
« 7 7 .7 4 7 1 .4 4 1 7 1 . 4 4 4 6 GU0029
« 4 9 . 4 3 0 1 .4 6 1 9 1 . 4 6 6 6 0 .0 0 4 7
« 2 9 .8 4 6 1 , 4 7 7 1 1 .4 8 1 7 0 . 0 0 4 6
t» 9 ; 9 4 2 1 . 4 9 4 9 1 .4 9 6 9 0 . 0 0 2 0
»i
 ^ ,
1 .5 0 4 7
4358 l o o . 1 . 4 3 5 2
K 9 2 .4 5 6 1  * 4 4 0 5 1 .4 4 1 7 0 . 0 0 1 2
« 7 7 .7 4 7 1 . 4 5 1 2 1 . 4 5 4 4 0 . 0 0 3 2
M 4 9 . 4 3 0 1 . 4 7 4 1 1 ,4 7 9 2 0 . 0 0 5 1
« 2 9 . 8 4 6 1 . 4 9 1 4 1 . 4 9 6 2 CU0048
« 9 . 9 4 2 1 , 5 1 1 5 1 . 5 1 3 5 0 . 0 0 2 0
M 0 1 . 5 2 2 5
4046 l o o 1 .4 3 8 4
H 9 2 .4 5 6 1 . 4 4 4  2 1 ,4 4 5 3 o . o o i i
II 7 7 . 7 4 7 1 .4 5 5 6 1 .4 5 9 1 0 . 0 0 3 5
II 4 9 . 4 3 0 1 . 4 7 9 9 1 .4 8 5 2 0 . 0 0 5 3
II 2 9 . 8 4 6 1 .4973^ 1 .5 0 3 4 0 . 0 0 6 1
It 9 . 9 4 2 1 .5 1 9 4 1 . 5 2 1 8 0 .0C 24
1# . 0 .  , 1 . 5 3 1 0
Wave-length
In a . n l
Percentage
c o n c e n t r a t i o n .
He
^ o b s .
f r a c t i v e  ' 
^ c a l c .
Index
D l f f e r e n c
6703 l o o 1 ,4 1 25
« 96 ,747 1.4147 1 .4151 +0.0004
II 87^967 1 .4213 1^4225 0 ,0 01 2
II 8 1 .1 1 8 1 .4 2 6 8 i ; 4 2 8 0 0.Ô012
II 70 .7 26 1 .4349 1 .43 6 5 0 .0016
« 55 ,207  , 1 .4474 1 .4 4 94 0n0020
II 4 3 .2 5 4 1 .4571 1 .45 0 4 0 . 0 0 2 3
II 3 6 .8 5 0 1 .4 6 20 1 .4648 0 .0 0 28
II 29^168 1 .4689 1 .4712 Q « 0023
II 23 .1 4 2 1 .4741 1 .4 7 6 2 0 .0 0 21
II 15 .8 42 1 ,4806 1 ,4822 0 ,0016
II 9 .7 3 8 1 .4862 1 .48 7 1 0 .0 0 0 9
n 4 .3 5 0 1 .4911 1 .4 01 6 0 .00 0 5
II 0 1 .4 9 52
5896 l o o 1 .4 1 4 9
II 06 .747 1 .4173 1 .4177 0 .0004
II 7 0 .7 2 6 1 .43 8 3 1 ,44 0 0 0 .0017
II 5 5 .207 1 .4511 1 .4534 0 .00 2 3
M 3 6 .8 5 0 1 .46 6 3 1 .4693 0 .0 0 3 0
II 2 9 .1 6 8 1 .47 3 3 1 .4750 0 .0026
II 2 3 .142 1 .47 8 9 1.4810 0 .00 2 1
II 0 1 .5007
5461
96 .747
87 .957
7 0 .7 2 6
55 .207
4 3 .2 5 4
3 6 .8 5 0
2 9 .1 6 8
23 ,1 42
15 ,8 42
9 .73 8
4 .3 5 0
ICO
96.747
8 7 .057
8 1 .1 1 8
7 0 .7 2 6
55:207
4 3 .2 5 4
3 6 .8 5 0
2 9 .1 6 8
23 .1 4 2
1 5 .8 4 2
9 ,7 3 8
4 , 3 5 0
0
«b . **
1 .4176 1 .4 1 8 1 +0.0005 i
1 .4245 1 .4256 O.OOll
i . 4 3 8 8 1 .4404 0 .0016
1 .4516 1 .45 3 8 ' 0 .0 02 2 1
i l
1 .4619 1 .4 6 4 1 0 .0 0 2 2 1
1 .4673  ' 1 .4697 0 .0024
1 ,4742 1 .4 7 6 3 0 .00 2 1
1 .4796  ' ' 1 . 4 8 1 4 0 .0 01 8
1 .4865 1 .48 7 6 O.OOll
1 .4 9 23 1 .4 9 3 0 0.0007
1 .4974 1 .4976 0 .0 0 0 2
1 .50 1 5
1 .4166
1 .4 1 9 0 1 .4194 0 .0004
1 .4262 1 .4 2 71 0 .0 0 0 9
1 .4 31 9 '1 .4 3 3 1 0 .0 01 2
1 .4 4 0 5 1 .4 4 2 2 0 .0017
1 .4538 1 .4 5 5 9 0 .0 0 2 1
1 .4643 1 .4667 0.C024
1 .4696 1 ,4 7 2 2 0.C026
1.4767 1 .47 9 0 0 .00 2 3
1 .4823 1 « 4844 0 .0 0 2 1
1 .48 9 4 1 .4907 0 .0013
1 .4 95 2 1 .4 9 6 0 0 .0 00 8
1 .5 0 0 5 1 .5 0 0 8 0 .0 00 3
1 .5047
4358 lOO 1 .4 2 3 9
H 9 6 .7 4 7 1 .4 2 6 7 1 . 4 2 7 0 + 0 .0 0 0 3
'n 8 7 .9 5 7 1 .4 3 4 6 1 .4 3 5 6 o . o o l o
M 8 1 . 1 1 8 1 . 4 4 1 0 1 . 4 4 2 3 0 . 0 0 1 3
« 7 0 . 7 2 6 X.4 5 0 8 1 .4 5 2 6 o . o o l o
IV 5 5 ,2 0 7 1 . 4 6 5 6 1 .4 6 8 1 0 . 0 0 2 5
tl 4 3 , 2 5 4 1 ,4 7 7 4 1 .4 8 0 0 0 . 0 0 2 6
f» 3 6 , 8 5 0  . 1 .4 8 3 3 1 ,4 8 6 1 0 . 0 0 2 8
!î 2 9 . 1 6 8 1 .4 9 1 2 1 . 4 9 3 8 0 . 0 0 2 6
Vf 2 3 . 1 4 2 1 .4 9 5 4 1 .4 9 9 5 O.OOll
« 1 5 .0 4 2 1 .5 0 5 3 1 .5 0 6 7 0 . 0 0 1 4
11 9 . 7 3 0 1 . 5 1 2 0 1 ,5 1 2 7 0 . 0 0 0 7
W 4 . 3 5 0 1 .5 1 7 9 1 . 5 1 8 1 0 . 0 0 0 2
tr ■ 0 1 .5 2 2 5
4046 l o o 1 .4 2 7 2
■ ■ ■' ■
« 8 7 ,9 6 7 1 . 4 3 8 6 1 . 4 3 9 8 0 . 0Q12
VI 8 1 . 1 1 8 1 . 4 4 5 1 1 .4 4 6 9 0 . 0 0 1 8
« 4 3 . 2 5 4 1 .4 8 3 3 1 .4 8 6 2 0 . 0 0 2 9
« 0 1 . 5 3 1 0
c a l c u l a t e d  from t h e  f o rm u la  o f  
GLADSTONE AND DALE.
" O b s e rv e d ” here  d e n o t e s  " c a l c u l a t e d ,  from o b s e r v a t io n s " ;  
"Calculated" " " " th e  m ix tu r e  l a w " .
W a v e - le n g th  p ercen tag e  ' S p e c i f i c  r e f r a c t i v e  power
i n  c o n c e n t r a t i o n .  Observed* C a l c u l a t e d ,  D i f f e r e n c e ,
6708 ' 100 0 .5 1 5 2
« 9 8 .098 .5163 0 .5 1 6 3 îl: '
M 84 ,4 73 .5223 .5227 +0.0004
« 7 7 .7 4 7 .5252 ,5260 .0008
« 4 9 .4 3 0 .5385 .5397  ^ .0012
I f 42 .2 62 . .5417 -.5430 ,0013
SI 2 9 .846 ;5478 ' . 5 4 9 0 " .0012
H 1 8 .9 3 3 .5532 .5543 . \ o o i i
11 ' 9 . 9 4 2 '5584 .5587 f .0004
f t " / o ' .5635
5696 "loo .5185
« 9 8 .0 9 8 .5195 .5195 - : 1  -
If 8 4 .4 7 3 . 5259 .5265 \ . 0 0 0 6
11 \77 .747 ,5290 .5299 .0009
I f 57 .807 .5389 ' . 5 4 0 1 .0012
11 49;430 .5432 .5444 .0012
n 4 2 .2 6 2 .5466 ,5480 . . 0 0 1 4
ft 1 8 .9 3 3 .5588 .5600 .0012
f t 5 .4 5 8 .5565 .5569 .0004
f t 0 .5698
5790 100 0 .5 1 0 5
- »f ■ 8 4 .4 7 3 .5264 ' 0 .5 26 7 +0.0003
« 77;747 .5295 .5301 .0006 ^
n 57^807 .5395 .5405 .OOlO
H 49:430 .5438' . 5449 .0011
« 4 2 .2 6 2 .5474 .5487 .0013
M 1 8 ,933 .5596 .5608 .0012  ' .
II 5 . 4 5 8 ' .5673 .5678 .0005
II .5707
: :
54G1 100 .5207
II 98 .0 98 .5219 .5218 - 0 ,0 0 0 1  I
« 92 .456 .5246 .5247" +0.0001
If 1 8 4 .4 7 3 .5284 .5290 .0006
It 77 .7 4 7 .5317 .5326 . 0 0 0 9 ' '
ft 6 1 .6 3 1 . 6400" : 5413 .0013 !
II 57 .8 07 . 5419 .5434 .0015
II 4 9 .4 3 0 .5464 .5479 . .0016 '
II 4 2 ,2 6 2  - .5502 .5517 . 0 0 1 5 ' ^  1
II 36.021'  " .5535  - .5550 .0016^ '
II 29 .8 46 .5569 - .5583 .0014
II 18 .933 .5629 .5642 .0013
II 13 .0 01 .5659 .5668 .0009
If 9 .9 4 2 .5687 .5689 .0002
If 5 .4 5 8 .6709 .6713 .0004
II 0 .5743
4358 lo d 0 .5 2 9 9
H . 9 8 .0 9 8 .5310 0 .6 3 1 3 +0.0003
H 84 .4 7 3 .6390 .5400 OOlO
H 7 7 .747 .5432 .5444 .0012
If 4 9 .4 3 0 .5608 .5627 .0019
» 4 3 .2 6 2 .5655 .5675 .0020
» 29 .8 4 6 .5736 .5752 .0016
H 18 .9 33 .5809 .5823 .0014
II : 9 .9 4 2 .5877 .5881
« 5 .4 5 8 .5906 .5910 .0004
«
... . 0 .5945
4 0 4 6 7 : lo o .5337
II 8 4 .4 7 3 a .5441 .5445 .0004
II 7 7 .7 4 7 .5484 .5493 .0009
57 .807 .5619 .5635 .0016
4 9 .4 3 0 .5678 .5696 .0018
II 18 .9 3 3 .5894 .5909 .0015
II 9 .9 4 2 .5968 .6972 .0004
.6042
c a l c u l a t e d  from th'e fo r m u la o f
GLADSTONE AND DALE.
Wave-1
in  A
s n g t h  p e r c e n t a g e  
•U. c o n c e n t r a t i o n .  '
S p e c i f i c  r e f r a c t i v e  
Observed. C a l c u l a t e d ,
power 
D i f f e r e n c
6708 l o o 0 .4 7 8 7  .
1» 96 .747 .4810 0 .4 8 1 4 +0.0004
ft 87\957 .4879 .4891 • 0 Q 1 2
M 7 0 .7 3 6 .6022 , 5 0 3 8 , . 0 Q 1 6
M 5 5,3 0 7 .5150 .5166 .0016
w 4 3 .3 5 4 .5249 .6270 .0021
« 3 6 ,8 5 0 . 5299; .5323 .0024
«» 3 9 .1 6 8 .5 3 7 0 , .5391 ,0021
It 2 3 .1 4 3 .5424 .5442 .0018
II 1 5 .8 4 3 .5485 .5502 .0017
« 9 ,7 3 8 .5540 .5553 .0013
« :> 4 .3 5 0 .5583 .5599 . o q I o
II .6635
5896 l o o .4816
II 96 ,747 .4840 .4843 .0003
II 8 1 .1 1 8 .4971 .4983 .  Q0l2
II 70.73Ô .5060 .5074' .0014
II 55 .307 ,5193 .5209 .0016
n 4 7 .9 8 9 .5254 .5275 ;0021
11 4 3 .3 5 4 .5297 .5318 .0081
II 3 6 .8 5 0 .5349 .5373 . 0024
II 3 9 .1 6 8 .5421 .5443 .  0Q22
II 2 3 .1 4 3 .5478 .5495^ .0017
II 1 5 .8 4 2 .5544 .5559 .  0 0 l5
II 9 .7 3 8 .5599 .5613 .0014
II 0 .5690
Va m
5790 lo o 0 .4 8 1 9
II 06 .747 .4841 0 .4 8 4 8 +0.0007
87 .957 .4916 .4927 . o q i i
« 7 0 .7 2 6 .5066 .5080 .0014
H 4 3 .2 5 4 .5304 .5325 .0021
« 3 6 .8 5 0 .5360 .5381 .0021
« 29 .1 6 8 .5431 . 5450 « 0Q19
M 2 3 .1 4 2 .5486 .5503^ .0019
» 15 .0 4 2 .5552 .5567 .0015
II 9 .7 3 8 .5609 ,5621 .0012
II 4 .3 5 0 .5661 .5668 .0007
II 0 .5707
5461 l o o .4834
II 96 .747 .4859 .4863 .0004
II 87 .957 .4935 .4944 .0009
II 8 1 .1 1 8 ; .4 9 9 5 .6006 .0011
II 7 0 .7 2 6 .5086 .6100 .0014
II 55 .207 .5224 .5238 ,0014
II 4 7 .9 8 9 .5287 .5306 .0019
II 4 3 .2 5 4 .5331 .5351 .0020
II 3 6 .8 5 0 .5387 .5408 .0021
II 2 9 .1 6 8 .5460 .5479 .0019
II 2 3 .1 4 2 .5517 .5534 .0017
II 1 5 .84 2 .5585 .5599 .0014
II 9 .7 3 8 ,5643 ' .5654 .0011
II 4 .3 5 0 .5695 .5704 .0009
II 0 .5743
4358
m r\
ICO
96 .747
87 .957
8 1 .1 1 8
7 0 .72 6
55.207
4 7 .9 8 9
4 3 .2 5 4
3 6 .8 5 0
2 9 .1 6 8
1 5 .8 4 2
9 .7 3 8
4 .3 5 0
0
0 .4 9 1 9  
: .4949  
.5033  
.5101  
.5205  
.5 3 6 0  
.5431  
.5482  
.5544
.5626
.5767
.5834
.5893
.5945
.4951
.5043
,5114
.5218
.5376
.5452
.5503
.5567
,5646
.5781
,5844
+0 .0002
.OOlO
.0013
.0016
. 0Q21
.0023
.OOlO
.0007
4046 l o o
87 .9 57
8 1 .1 1 8
4 3 .2 5 4
.4957
.5149
.5551
.6048
.5088  .0009
.5164 .0015
.5574
Wave-length  
In &.U.
c a l c u l a t e d  from 
LORENZ AND
p ercentage
c o n c e n t r a t i o n .
the formula-1 .
LORENTZ.
S p e c i f i c
Observed.
o f
r e f r a c t i v e
C a lc u la t e d ,
I
power j 
D i f f e r e n c e .1
...........  !
6708 100 0 .3 1 0 1
M 9 8 .0 9 8 .3107 0 • o lo 6 -O.OOOl 1
M 7 7 .747 .3149 .3150 + 0 .0001
« 4 9 ,4 3 0 .3211 ,3212 .0001
« 4 2 .2 6 2 .3225 .3228 .0003
f( 29 .8 46 .3252 .3265 .0003
« 1 8 .9 3 3 .3276 .3278 .0003
« 9 .9 4 2 .3299 ,3299 JL 1
ff - 0 , ,. ! .3320
689Ô lo o .3118
ft 9 8 .0 9 8 .3124 .3124 A
ff 84 ,4 73 .3154 ,3154 é
« 77 .7 47 .3169 .3170 , 0001
M 57,807: .3215 .3216 .0001
ft 4 9 ,4 3 0 .3235 .3236 .0001
If 4 2 .2 6 2 \ .3250 .3252 .0008
W 2 9 .8 4 6 , .3279 ,3282 . .0 0 0 3 .
« 18 .9 23 .3304 ,3307 .0003
33 2 4
ft 9 .9 4 2 , (.3296 ) .3330 .0004
ft 5 ,4 5 8 .3337 .3341 .0004
ft 0 .3351
5461
5790
lo o Q.3132
92 .456 .3150 0 • o l5 0
8 4 .4 7 3 .3168 .3170 +0.0002
77 .7 47 .3183 .3186 .0003
6 1 .6 3 1 .3222 .3224 . 0002
57 .807 .3231 .3233 .0002
4 9 .4 3 0  . ^3252 .3254 .0002
4 2 .2 6 2 .3269 .3271 .0002
3 6 .0 2 1 .3283 .3286 .0003
2 9 .8 4 6 .3299 .3301 .0002
2 3 .7 4 2 .3314 .3316 .0002
18 .933 .3325 .3327 .0002
1 3 .8 0 1 .3338 .3339 .0001
6 .5 4 8 . .3359 . .3359 X
' . 0 .3374
- l o o .3119
84^473 .3157 .3155 ~0 .0002
7 7 .747 .3172 .3172 : A .
57:807 .3218 .3218 ' i
4 9 .4 3 0 .3238 .3238 JL
4 2 .2 6 2 .3254 .3256 +0.0002
1 6 .933 .3308 .3310 .0002
9 .9 4 2 .3333 .3333 : à
5 .4 5 8 .3341 .3341 à
0 .3356
4358 IQO 0 .3 1 7 8
« 9 8 .098 .3184 _ 0 .3 1 8 4
Sf 84 .4 7 3 .3223 .3223 ' A
If 7 7 .747 .3343 .3243 à
4 9 .4 3 0 .3325 .3327 40 ,0002
If 4 2 .2 6 2 .3347 .3349 .0002
« ' 29 .8 46 .3383 ,3386 .0003
H 1 8 ,9 3 3 .3414 .3417 .0003
If 9.942 .3445 .3445
If 5 .4 5 8 .3456 .3456 ±
If ■, 0 .3473
404Ô lo o .3198
ft 98 .0 9 8 .3206 .3206 ■ ' Â
If 8 4 .47 3 .3249 .3249
M 7 7 ,7 4 7 .3^70 .3271 ,0001
If 57 ,8 07 .3333 .3335 .0002
If 4 9 .4 3 0 ,3360 .3368 .0003
f t 4 2 .2 6 2 . 3 3 8 3 ' .3385 .0003
f t 0 .3518
W ave«leng th  
In 2 . 0 .
c a l c u l a t e d  from th e  fo r m u la  o f  
_ LORENZ AND LORENTZ.
p e r c e n t a g e  S p e c i f i c  r e f r a c t i v e  power
c o n c e n t r a t i o n .  Observed.  C a l c u l a t e d ,  D i f f e r e n c e
6708 .1 0 0 0 .2 8 9 1
ti 96 .747 .2903 0 .2 9 0 4 +0 .0001
« ' 8 7 . 9 5 7 .2939 ,2942 .0003
tf ë l . 1 1 8 .2969 .2972 .0003
II 7 0 .7 4 6 .3012 .3016 .0004
II 55:207 .3078 .3082 .0004
If 4 3 .2 5 4 .3128 .3134 .0006
II 3 6 .8 5 0 .3153 ,3161 .0008
If 2 9 .1 6 8 .3189 ,3194 .0005
If 23 .1 4 2 .3216 ,3221 .0005
If 15 .842 .3246 ,3251 .0005
If 9 .7 3 8 .3274 .3278 .0004
II 4 .3 5 0 .3297 .3300 .0003
If . v)32Q
5896 l o o .2905
If 96 .747 .2918 * .2920 .0002
II 8 1 .1 1 8 .2987 ' .2990 .0003
If 7 0 .7 2 6 .3032 .3036 .0004
II 5 6 .207 \ 3 1 0 0 "V3104 .0004
If 47*989 .3131 ,3137 " /0006
If 4 3 .2 5 4 .3153 .3159 .0006
If 3 6 .8 5 0 .3170 .3187 .0008
II 2 9 .1 6 8 .3215 .3221 .0006
If 1 5 .8 4 2 ,3275 .3280 .0005
If 9 .7 3 8 .3302 .3306 .0004
II 0 ,3351
5790 lo o 0 .2 9 0 8
« 87 .957 .2959 0 .2 9 6 2 +0.0003
ff 8 1 .1 1 8 .2989 .2993 .0004
« 70 .7 2 6 .3035 .3039 ,0004
I t 4 3 .2 5 4 .3156 .3162 ,0006
If 3 6 .8 5 0 .3185 .3190 .'0006
•I 2 9 .16 8 .3220 .3224 .0004
H 2 3 .142 .3247 .3251 .0004
I* 1 5 .8 4 2 .3280 .3283 .0003
H 9 .7 3 8 .3307 .3313 .0006
> n 4 .3 5 0 .3332 .3336 .0004
H :'o : .3355
5461 lo o .2916
"■ « : 96 .747 .2929- .2932 ,00 03
ff 87:957 .2968 ,2971 .0003
ff 8 1 .1 1 8 .2999 .  3002 .0003
f t 70 .7 2 6 .3046 # 3q49 .0003
ft 55 .20? ,3^16 -' . .3119 .0003
M 4 3 .2 5 4 .3170 .3175 .0005
f f 3 6 .8 5 0 .3198 o204 .0006
ff 2 9 .1 6 8 .3234 .3238 .0004
f t 2 3 .1 4 2 .3263 .3267 ,0004
ff 15 .8 42 .3296 .3300 .0004
ff 9 .7 3 8 .3324 .3327 .0003
ff 4 ,3 5 0 .3350 ,3352 .0003
ff 0 .3374
4358 lo o 0 .2 9 6 1
w GG'?47 .2976 0 ,2 9 7 7 :+0.0001
w 87 ,9 5 7 : .3020 .3022 _ .0002
M 8 1 .1 1 8 .3055 .3057 .0002
f t 7 0 .7 2 6 .3108 .3111 .0003
ff 6 5 .207 .3186 .3190 .0004
ff 4 7 .9 8 9 .3222 .3826 .0004
ft 4 3 .2 5 4 .3247 .3251 . .0 0 0 4
ff 3 6 .8 5 0 ,3278 .3284 .0006
ff 2 9 .1 6 8 .3318 .3323 _ .0005
ff 1 5 .8 4 3 .3387 : .3391 .0004
ff 9 .7 3 8 .3419 .3422 .0003
ff , 0 ,3 4 7 3
4046 lo o .2981
I f 8 7 .9 5 7 .3043 , 3o45 , .0002
f t 8 1 .1 1 8 .3079 .3082 »0003
f t 4 3 .2 5 4 .3282 ,3285 .0003
ff ■„ 0 . .3518
OF OPTICAL ROTATORY POWER. |
The v a r i a t i o n s  o f  the r e f r a c t i v e  i n d i c e s  and th e  d e n s i t l g  
o f  s o l u t i o n s  o f  1 . - s e c . - o c t y l  a l c o h o l ,  and o f  i t s  a c e t a t e ,  i n  | 
benzene ,  h a v in g  been  i n v e s t i g a t e d ,  i t  was c o n s i d e r e d  t h a t  th e  | 
v a r i a t i o n s  o f  t h e i r  r e f r a c t i v e  d i s p e r s i o n s  would p rove  o f  
i n t e r e s t .
Recent papers by Pickard and Hunter (Trans:  Chem: 8 o c : ,  
1 9 2 3 , 1 9 3 , 4 3 4 ) ,  and Hunter ( i b i d . , 1 6 7 1 ) ,  d i s c u s s  the n e c e s s i t y  
o f  d e ter m in in g  the form o f  the f u n c t i o n  c o n n e c t in g  the numer- 
i c a l  v a lu e  o f  r e f r a c t i v e  power w i th  w a v e - le n g th ,  r a th e r  t h a n  
o f  t r e a t i n g  the d i s p e r s i o n  a s  th e  d i f f e r e n c e  or a s  the r a t i o  
o f  v a l u e s  f o r  two a r b i t r a r i l y  ch o sen  w a v e - le n g t h s .  They p r o ­
pose  t h e  use  o f  the S e l l m e i e r  e q u a t i o n
"X” ào ,  b e i n g  c a l l e d  t h e  " r e f r a c t i v e  d i s p e r s i o n  c o n s t a n t s " ,
i n  th e  same way t h a t  Lowry ( T r a n s :  Chem: B o c ; , 1 9 1 3 , 1 0 3 ,1 0 62 )
used the Drude e q u a t io n
o4 a^: K/ ( X •
f o r  o p t i c a l  r o t a t o r y  d i s p e r s i o n .
Hunter ( l o c i  c i t : )  f i n d s  f o r  1 . - s e c . - o c t y l  a l c o h o l  the
f o l l o w i n g  r o t a t i o n  formula:
s  3 , 1 4 / C V - 0 . 0 2 8 3 )  ' ' - ' ( 1 )
and shews t h e  a p p l i c a b i l i t y  o f  the fo r m u la
2 s l . 6 9 l 3  ^0.313 X / ( \ f ~ 0 . 0283) . , .  , ( 2 )
t o  r e p r e s e n t  i t s  r e f r a c t i v e  d i s p e r s i o n .
I t  was t h e r e f o r e  proposed t o  a d o p t  ÿ h e se e q u a t i o n s ,  and, 
a s  a  measure o f  t h e v a r i a t l o n  o f  d i s p e r s i o n  i n  s o l u t i o n ,  t o  
determine the v a r i a t i o n  i n  th e  w a v e - l e n g t h s  o f  t h e  a b s o r p t i o n  
bands, both by measurements o f  o p t i c a l  r o t a t o r y  power and o f  
r e f r a c t i v e  in d e x .
( loo ;  c i t ; ) ,  owing to  thnlr having been obaerved a t  temperatures
o pwhloh d iffe r e d  by 0 .5  G. The term was accordingly
modified to f i t  the r e s u lt# ,  and the equation became ,
n®“ K l.693X  + 0 .3 1 3  )i / (  X’'-C.si2S3)  (3 )
The observed r e f r a c t i v e  I n d i c e s ,  and thoee  c a l c u l a t e d  
from t h i s  e q u a t i o n ,  are ahewn In the f o l l o w i n g  t a b l e :
TABLE VI
REFRACTIVE INDICES 0Fl,~8ec.-üCT%L ALCOHOL
D ifferen ce .Wave-length 
In &.U.
R e f r a c t iv e  Index.  
Observed. C a lc u la t e d .
&708
G4C2
GC9G
saoG
b083
5790
5702
5.700
54G1
5210
5153
6106
4369
4046
1,4237
1 ,4245
1 ,4264
1 .42 6 2
1 .4 2 6 3
1 .4266
1 .4267  
1 .42 6 9  
1 .4 2 8 0  
1 .42 0 3  
1 ,4207  
1 .4 3 0 0  
1 .4 3 6 6  
1 .4387
1 * 4 3v)7 
1 .4 2 46  
1 .4256  
1.42G2 
1 .4262  
1.42GG 
1 .4267
1 .4 2 69
1 .4 2 70  
1 .4 2 0 1  
1 .4205  
1 .4297  
1 .4365
+.0001
à
A
é '
à
" .p o o l
- . 0 0 0 8
- . 0 0 0 3
- . 0 0 0 3
X
+ . 0 0 0 6
The l a r g e  d i f f e r a n c e  In the  l a s t  caee l e  probab ly  due to  
in a c c u r a t e  o b s e r v a t i o n .  Owing to  the t e l e s c o p e  o f  the  r e f r a c t o -  
meter b e in g  o f  f i x e d  f o c u s ,  a d ju s te d  f o r  the g r een  and y e l l o w ,  
rea d in g s  In the v i o l e t  are s u b j e c t  t o  a l a r g e  e r r o r  caused by 
p a r a l l a x  between the  c r o s s - w i r e s  and the  Image.
Spectrum, and an attem pt was made to  f i t  them t o  an e q u a t io n  
o f  the B e l lm e le r  form. The r e a u l t a ,  however, were u n 8 a t l 8 -  
f a c t o r y ,a n d  were abandoned on the p u b l i c a t i o n  by G i f fo r d  and 
Lowry (p ros ;  Roy:. B o o : .1 9 8 3 . A . l&4,43 o )  o f  a paper from which 
I t  appeared t h a t  benzene would not  f i t  a S e l lm e le r  e q u a t io n .
( The e q u a t io n  used by them was o f  the form 
n® « k i - k g / (  X . - X )  
d i f f e r i n g  from the  B e l lm e le r  e q u a t io n
In n o t  hav ing  IV^ln the numerator o f  the  d l e p e r e lo n  term.
I t  h&8, how ever ,  been shewn by Druda ( O p t i c s ,  p p . 3 8 6 /3 9 1 )  
t h a t  t h e s e  two forms are I d e n t i c a l ,  e x c e p t  t h a t  I t  l a  o n ly  
In the former t h a t  the c o n s ta n t  term (k^) r e p r e s e n t s  the  
square o f  the d i e l e c t r i c  c o n s t a n t ) .
In the p r e s e n t  I n v e s t i g a t i o n ,  t h e r e f o r e ,  R ic h a r d so n 's
\ /orm ula  ( p h i l :  Mag:. I 9 l ô . _ 3 1 , _ 2 4 9 ) ,  to  .whlch .G ifford  and
Lowry r e f e r r e d ,  was adopted .  The e q u a t io n  I s :  ' ' r : -
■ ri1 *1 .5 5 69 5  •- 0 . 'Sa37lV"/( 'o. 1815^) —0 .0 0 1 7  (4 J
The r e f r a c t i v e  i n d i c e s  o b se r v e d ,  and th o se  c a l c u l a t e d  
from R ic h a r d so n ' s  formula ,  are shewn In the f o l l o w i n g  
t a b l e .
V-
In A.U. Observed C a lc u la t e d . D i i I e r e n c e
G7()8 : 1 .4947 1 .4 9 4 8 + .0001
G<10:3 . 1 .4965 1 .4 9 6 6 + .0001
6096 1 .4987 1 .4987 ■ à
6896 1 .5 0 02 1 .5003 + .0001
5863 1 .50 0 3 1 .5 0 0 4 + . 0 0 0 1 '
6790 1 .5 01 1 1 .5012 + . QC 01
5782 1 .5 0 1 2 1 .5013 + .0001
67(30 ; 1 .50 1 9 1 .5020 + .0001
• 0'4ôl . '" 1 .5042 1 .5043 + .0 0 0 Î
.. 5218 1 .5072 1 .5072 A
5153 : 1 .6 0 8 0 1.Ô081 + .0001
5106 1 .50 8 6 1 .5087 + .0001
]L.!5:319 _ 1 .5222 + .0003
. :4 0 4 6 ; 1 .6305 1 .5 3 0 9 + .0004
N o t e . -  These v a l u e s  d i f f e r from th ose g iv e n  by G i f f o r d
Lowry, but agree w ith  R ic h a r d so n 's  and w ith  Parker and
Thompson’ s ( T r a n s :  Chem: Boo: ,  1923,  1 2 1  ^ 1 3 4 1 ) .  ■
o
H u n ter 's  and R ic h a r d so n 's  e q u a t io n s  were now combined 
f o r  the r e f r a c t i o n s  o f  the s o l u t i o n s ,  as  f o l l o w s ; -  
= 1.69.-51.cf 1 .5 5 6 9 5 ( i “ o) 4 o . 313 X'-o/C X*--XO
-  0,62B71X^ ( l - c ) / (X ^ -X f )  -  0,0017 Y"{l-c) . ,  . (5 )
where and ^\^are the w a v e - le n g th s  o f  the  a b s o r p t io n  bands 
f o r  1 . - s e c . - o c t y l  a l c o h o l  and benzene ,  r e s p e c t i v e l y ,  and 
0 I s  the  c o n c e n t r a t i o n  In grams o f  o c t y l  a l c o h o l  per  gram 
o f  s o l u t i o n . ' -
In  s o l u t i o n  was i n v e s t i g a t e d ,  by measurements o f  t h e  r o t a t i o n i  
o f  s o l u t i o n s  o f  v a r y in g  p e r c e n t a g e s  o f  the a l c o h o l  In benzene! 
f o r  l i g h t  o f  e i g h t  d i f f e r e n t  r e f r a n g l b l l i t l e a .  The r e s u l t s  | 
are g iv e n  in  Table IX. |
R e - w r i t in g  the e q u a t io n  I
oi R K /( I
In the form
/ 1/*.  s  V/K
i t  i s  seen  t h a t .  I f  l / a l s  p l o t t e d  a g a i n s t  X , the  r e s u l t  
should be a s t r a i g h t  l i n e ,  I f  the e q u a t io n  I s  a p p l i c a b l e  to  
the s o l u t i o n  under o b s e r v a t i o n .
1/& was a c c o r d i n g l y  p l o t t e d  a g a i n s t  f o r  each s o l u t i o n  
and s t r a i g h t  l i n e s  were o b ta in ed  w i t h i n  the l i m i t s  o f  e x p e r i ­
mental e r r o r ,  thus  shewing that, n c t v l  a l c o h o l  remairm sim ply  
d i s p e r s i v e  when d i s s o l v e d  In be n z e n e .
A mean va lue  f o r  K f o r  each  s o l u t i o n  was c a l c u l a t e d  
from a l l  the  o b s e r v a t i o n s ,  and the r e s u l t s  p l o t t e d  a g a i n s t  
c o n c e n t r a t i o n .  A smooth curve was o b ta in e d ,  s i m i l a r  to  the  
curve o f  s p e c i f i c  r o t a t o r y  power a g a i n s t  c o n c e n t r a t i o n .
In order  to  make the b e s t  use o f  a l l  the  o b s e r v a t i o n s ,  
i n  c a l c u l a t i n g  \ o , the r e s u l t s  w e r e r p l o t t e d ,  and a t t e n t i o n  
g iv e n  o n ly  t o  the  smoothed curves  which were drawn
through the p o i n t s .  ^
T h e o r e t i c a l l y ,  X, c o u ld  have  b e en  o b ta in ed  from t h e  - 
curves  o f  i / ^  a g a i n s t  X ,^ s in c e  In t h i s  case  I s  the
i n t e r c e p t  on the  a x i s  o f  1 / * .  p r a c t i c a l l y ,  however, t h i s  
q u a n t i t y  I s  too  small  t o  g iv e  a c cu ra te  r e s u l t s ^  and a f r e s h  
s e t  o f  curves  was drawn.odfwas p l o t t e d  a g a i n s t  & f o r  each
CXA ^ t  Ji
When th e  v a l u e s  so o b t a i n e d  were p l o t t e d  a g a i n s t  
c o n c e n t r a t i o n ,  the r e s u l t  was a s t r a i g h t  l i n e  w i th  a down* 
ward s l o p e ,  which would i n d i c a t e  a s l i g h t  d e c r e a s e  o f  A* 
with i n c r e a s i n g  d i l u t i o n .
\ TVU3UEt;VII][,,... . . - ,
ViVRIATIOHS OP X  AKD K.
\  I \
pe roentage  t K
c o n c e n t r a t i o n . ( i n / ^ )
h f / l O O - r , • • 02G3 ■ p .168  ■ . : _
' ' : TTE;. 4:5 : ^ 3 .0 2 .0379  . .;Le;7
# 5 6 . 7 2 : : 3 ,0 8 0294); . ( . 1 7 1 )  .
' / :59.87 - 1 3 .2 4 . n ' , 0 2 7 2 : ; ^ .'Î71 ; f
e -/jLO.IBf)': 3 .5 3 J : 0269 ; , . % . 164
9 . 7 9 . 3 . 8 2 ; /  , : . 05267^ ^ .163
e- 4 .8 7 _ 4 .1 4
■ ■ ' ; ' : ' ' ' ' ■ " -, ■ 
TValuea taken from Hunter ( l o c :  c i t : ) .
:%It i s  seen  t h a t  t h i s  va lue  i s  o u t .  The cause  i s  no t  known,
b u t  i t  : i s  a lm o s t  c e r t a i n l y  some e x p e r im en ta l  m is ta k e .
The p o s s i b i l i t y  o f  a v a r i a t i o n  In the d i s p e r s i v e  power 
owing to  the  e f f e c t  o f  s o l v e n t s  has  been m ent loned'by  Mr. H, 
Hunter, In a t r e a t i s e  on "The Chemical S i g n i f i c a n c e  o f  
O p t ic a l  D isp er s io n "  (n o t  y e t  p u b l i s h e d ) .  He p o i n t s  out  t h a t .  
In the c h a r a c t e r i s t i c  d iag ra m  o f  A rm strong  andWalker ( p r o c :  
Roy: Boo:, 1913,  A .88,  3 8 8 ) ,  and the m o d i f i c a t i o n  o f  i t  by 
P a t t e r s o n  ( T r a n s :  Chem: S o c : ,  1918,  109, 1 1 7 6 ) ,  the assumption 
i s  made th a t  the d i s p e r s i v e  powers  a r e  u n a f f e c t e d  by e x t e r n a l  
c o n d i t i o n s .
e ach  w a v e - l e n g t h  from v a l u e s  o f  the r e f r a c t i v e  i n d i c e s  
o b se rv e d  f o r  th e  'same s o l u t i o n s  f o r  f o u r t e e n  l i n e s  o f  th e  
s p e c t ru m ,  Borne o f  the r e f r a c t i v e  i n d i c e s  and v a l u e s  o f  A, 
a re  shewn i n  T ab le  X.
I t  i s  s e e n  t h a t ,  f o r  any s e l e c t e d  w a v e - l e n g t h ,  the
v a lu e  o f  A, d e c r e a s e s  w i th  d e c r e a s e  o f  c o n c e n t r a t i o n  o f
b e n z e n e ,  b u t  t o  a much g r e a t e r  e x t e n t  t h a n  th e  v a l u e s  o f  
o b t a i n e d  from th e  o p t i c a l  r o t a t o r y  power,  w h i l s t ,  f a r  from 
b e i n g  c o n s t a n t  f o r  e a c h  w a v e - l e n g t h  f o r  the  same s o l u t i o n ,  
i n c r e a s e s  w i th  d e c r e a s i n g  w ave- len g th . ,  a t  a r a t e  which 
i n c r e a s e s  w i th  d e c r e a s e  o f  c o n c e n t r a t i o n  o f  b e n z a n e .
I t  must t h e r e f o r e  be c o n c lu d ed  t h a t  t h i s  fo r m u la  w i l l  
n o t  h old  f o r  s o l u t i o n s  o f  o c t y l  a l c o h o l  i n  b e n z e n e .  I f  
can i n  t h i s  c a se  be c o n s i d e r e d  t o  have any t h e o r e t i c a l  
s i g n i f i c a n c e ,  i t  can  o n ly  s e r v e  to  shew t h a t  th e  d i s p e r s i o n  
o f  benzene  i n  s o l u t i o n  i s  even  more complex t h a n  i n  th e  
homogeneous s t a t e .  I t  i s  perhaps u n f o r t u n a t e  t h a t  benzene  
s h o u ld  have  b e e n  c hosen  a s  s o l v e n t ,  s i n c e  i t  h a s  so many 
a b s o r p t i o n  b a n d s .  I t  was hoped t h a t  , w i t h i n  t h e  range  o f  
t h e  sp e c t ru m  u se d  in  t h e s e  e x p e r i m e n t s ,  t h e  many a b s o r p t i o n  
bands  m igh t  have b e en  r ep re sen ted  by one mean, \  , f o r  th e  
bands i n  th e  u l t r a - v i o l e t ,  and by t h e  t e rm  OvOQl?^ f o r  t h e  j
bands i n  t h e  i n f r a - r e d .
The i n a p p l i c a b i l i t y  o f  th e  fo r m u la  may, h ow ever ,  be i 
due t o  th e  v a r i a t i o n  o f  the a"* t e r m s  i n  the  S e l l m e i s r  
e q u a t i o n s .  These i n v o lv e  the d i e l e c t r i c  c o n s t a n t s  o f  th e  
l i q u i d s ,  which c a n n o t  be c o n s i d e r e d  t o  be u n a l t e r e d  by 
s o l u t i o n .  The r e v e r s e  h a s .  Indeed ,  been shewn by J . C , P h i l i p  
( Z e l t :  f ; p h ys :  Chem:, 84,  IG) f o r  m i x t u r e s  o f  many d i f f e r e n t  
l i q u i d s .  I n  no c a se  could the d i e l e c t r i c  c o n s t a n t s  o f  the
The r e s u l t s  t h u s  h a v i n g  p ro v e d  u n s a t i s f a c t o r y  f o r  
l . - s e c . - o c t y l  a l c o h o l ,  t h e  work was n o t  i m m e d ia te ly  ' 
e x te n d e d  t o  th e  more complex c ase  o f  th e  a c e t a t e ,  b u t  i t  
i s  hoped t h a t  mo re  11ght w i l l  be thrown on the q u e s t io n   ^ , 
by a f u r t h e r  r e s e a r c h  on th e  same l i n e s ,  w i th  the d i f f e r e n c e  
th a t  the s o l v e n t  u s e d ,  a s  w e l l  as  the s o l u t e ,  w i l l  be 
o p t i c a l l y  a c t i v e .
V, , 'V..v-vwww viiav ' - j c i . ^ j i i  euxuwxuxi wcis inauQ inu0p0no.©nt<iy i
■ ' ■ ■ ■ i
o f  the o t h e r s  from f r e s h  m a t e r i a l ;  and the r e f r a c t i v e  i n d i c e s !
i
were measured f o r  e i g h t  a d d i t i o n a l  s p e c t r a l  l i n e s ,  v i z : ,  f i v e  | 
from the copper arc ( w a v e - le n g t h s ,  5782,  5700, 5218, 5153, andi 
5 1 0 6 ) ,  and th ree  from the neon vacuum tube (w a v e - le n g t h s ,
6402,  6096,  and 6 8 8 2 ) .
The d e n s i t i e s  were taken d i r e c t l y  from P a r t  I ,  by I n t e r - :  
p o l a t i o n  on the d e n s l t y - o o n c e n t r a t l o n  c u r v e , and c o r r e c t e d  f o r  
water a t  4^.
The r o t a t i o n s  were measured i n  a 2 dm. j a c k e t e d  t u b e , 
kept  a t  20^ C. by c i r c u l a t i o n  o f  water from the same thermo-  
s t a t  a s  was u se d  f o r  the r e f r a c t o m e t e r .  V isu a l  r e a d i n g s  were 
taken f o r  the u su a l  three  l i n e s  o f  the e n c lo s e d  mercury a r c ,  
and f o r  the sodium y e l lo w  and l i t h i u m  red l i n e s ,  ob ta in ed  
f rom th e  new b r i g h t  l l th iu m -so d iu m  flame d e v i s e d  by Mr. H..
Hunter ( d e t a i l s  not  y e t  p u b l i s h e d ) .  Readings i n  the  v i b l e t  |
I
and u l t r a - v i o l e t  were taken  p h o t o g r a p h ic a l ly  as d e s c r ib e d  |
Hunter ( l o o :  c i t ; ) .   ^ I
D i f f i c u l t y  was found i n  ta k in g  photographic  measurements  
f o r  the  l e s s  c o n c e n tr a te d  s o l u t i o n s .  S ince  f o r  t h e s e  there  
i s  o n ly  a sm all  v a r i a t i o n  in  the ang le  o f  r o t a t i o n  from one 
w a v e - le n g th  t o  a n o th er ,  a broad band i s  o b ta in ed  on the p l a t e ,
i
w it h in  whloh i t  I s  im p o ss ib le  to  f i n d  any l i n e  which does  
n o t  appear to  be o f  equal  i n t e n s i t y  on both h a l v e s  o f  the  
f i e l d .  The e x t i n c t i o n  h a s  to  be e s t im a t e d  a s  mid-way between  
t h e  e d g e s  o f  t h i s  band. C l e a r e r  l i n e s  are needed than f o r  a 
g r e a t e r  r o t a t i o n ,  on e i t h e r  d l s -^^of the e x t i n c t i o n  p o s i t i o n ,  
b u t  to  o b ta in  e v en  th e  same amount o f  c l e a r n e s s  i t  i s  necessa iy  
to  g i v e  much l o n g e r  e x p o s u r e s ,  s in c e  the  a c t u a l  i n t e n s i t y  o f  
t h e se  l i n e s  i s  d e c r e a s e d ,  th e y  b e in g  n ea rer  t o  t h e i r  own 
e x t i n c t i o n  p o s i t i o n s .
I  a  l y  s i n  a S * 6 )  -
and I a  l y  s i n     , - .
where I g  i s  t h e  maximum i n t e n s i t y ,
and % i s  t h e  h a l f - s h a d o w  a n g l e .
F o r  o c t y l  a l c o h o l ,  t h e  a v e r a g e  d i f f e r e n c e  (0 )  o f  
r o t a t i o n  f o r  300 2 . U . , i n  the r e g i o n  o b s e r v e d  p ho to g rap h ic*  
a l l y , ( a b o u t  4300 t o  3800 A .U ,)  l a  a p p r o x i m a t e l y  
f o r  an  80^ s o l u t i o n  5®, 
f o r  a  s o l u t i o n ,  l o ,
and ,  on the  p o l a r i m e t e r  u s e d ,  the h a l f - s h a d o w  a n g le  I s  9®.
T h e r e f o r e ,  r a t i o  o f  the I n t e n s i t i e s  f o r  the b r i g h t  
h a l f  o f  the f i e l d
h o f o  ( 4 . 5  -  5 ) °
  ■  -----------------------------  ^  1 .7
I ^ s i n  ( 4 , 5  -  i )
/o
A n o th e r  d i f f i c u l t y  a r i s e s  f rom t h e  f a c t  t h a t  the a r c
f l u c t u a t e s ,  and h a s  t o  be a d j u s t e d  a t  f re q u en t  i n t e r v a l s
80 a s  t o  g iv e  even i l l u m i n a t i o n  o v e r  the s p e c t r o m e t e r  s l i t ,
T h is  i s  e a s y  f o r  l a r g e  r o t a t i o n s ,  b u t  f o r  s m a l l  r o t a t i o n s
the image on th e  s l i t  i s  v e ry  f a i n t ,  and one h a l f  o f  the
f i e l d  i s  p r a c t i c a l l y  I n v i s i b l e ,  s i n c e  th e  v i s u a l  l i n e s  a re  
e n t i r e l y
a l m o s t / e x t i n g u i s h e d  (b e in g  c o v e re d  by the r e g io n  o f  t h e  h a l f ­
shadow a n g l e ) .  There i s  t h e n  a s t r o n g  tendency  f o r  th e  o b s e r ­
ver  t o  r a i s e  or l o w e r  the a r c  so a s  t o  th ro w  more l i g h t  on | 
the dark part  o f  t h e  image,  when t h e  p l a t e  n a t u r a l l y  becomes | 
w o r t h l e s s .  T h is  d i f f i c u l t y  c an ,  o f  c o u r s e ,  e a s i l y  be overcomeL 
by u s in g  a t r i p l e  f i e l d ,  a s  done by Lowry ( p r o c :  Roy: S o c : ,  
1908, A .81 ,  4 7 8 ) .
so t h a t  th e  e x t i n c t i o n  band comes a s  n e a r l y  a s  p o s s i b l e  
i n  th e  c e n t r e  o f  the l e n s ,  and t o . o p e n  th e  s p e c t r o m e t e r  
s l i t  by d e g r e e s  when p r o c e e d i n g  from t h e  v o i l e t  t o  the  
u l t r a - v i o l e t .
P h o t o g r a p h i c  r e a d i n g s  were o b t a i n e d ,  th ou g h  w i th  
d i f f i c u l t y ,  f o r  th e  s o l u t i o n ,  b u t  none were ; found  
p o s s i b l e  f o r  t h e  5% s o l u t i o n .
EE
p e r c e n t a g e  w a v e - i e n g t a  UDservea 
c o n c e n t r a t i o n ,  in  Ê.U. r o t a t i o n ,
«
«
78 .4 2 6  6708 ~ 9 .5 2  -  7 .1 5
" 5893 "12 .40  ~ 9 .5 3
" 5780 - 1 3 . 1 3  * 1 0 .1 0
« 5461 - 1 4 . 6 9  - 1 1 , 3 0
" 4350 "24 ,19  - 1 8 . 6 0
M 4147 - 2 8 . 0  - 2 1 . 5
" 3888 "32 .0  - 2 4 . 6
M 3795 "3 4 .0  "26.14
«
5 6 .7 1 8  6708 . * 6 , 9 8  -  7 ,3 3
5893 -  9 ,1 9  " 9 ,6 8
5780 " 9 .7 2  - 1 0 .2 1
5461 " 1 0 .78  "11 .32
4358 " 17 .96  "18.86
4114 "2 1 .0  " 2 2 .1
3886 - 2 4 . 0  - 2 6 . 2
3775 " 2 6 .0  "2 7 .3
3 9 ,8 7 0  6 7 0 8 .  " 5 .1 0  " 7 .5 3
" 5893 " 6 ,6 7  -  9 .8 5
? 5780 " 6 .9 5  - 1 0 . 5 1
»* 5461 " 7 .8 2  "11.55
" 4358 "13 .09  "19 .34
" 4120 " 1 5 .0  - 2 2 . 1 6
" 3897 " 1 7 ,0  "25 .11
" 3746 "1 9 .0  "28.07
percentage
c o n c e n t r a t io n .
Wave-length  
in  2 .U .
Observed
r o t a t i o n .
' d  -'
1 9 ,8 4 8 6708 " 2 .9 3 " 8 .5 6
; : 5893 " 3 .6 9 "10 .78
" 5780 ~ 3 .8 3 " 1 1 , iQ
« 5461 -  4 , 3 9 "12,83
91 4358 -  7 ,2 8 "21.27
« 4Ql5 ~ 8 . 5 * 2 4 .8
M 3897 -  9 .5 "27 .8
H 3746 "10.5 "30.7
9 .7 9 3 6708 " 1 .66 " 9 .7 6
99 5893 " 2 ,0 2 "11 .87
II 5780 -  2 ,0 9 - 1 2 . 2 8
II 5461 *  2 .3 6 "13 ,87
II 4358 ~  3 .8 7 "22,75
„ 3888 "  5 . 2 "30,6
II 3795 -  5 . 9 "34.7
4 ,8 7 4 6708 "  0 .8 4 "  9 .87
II 5893 -  1 . 1 0 "12 ,92
(I 6780 ~  1 .1 3 - 1 3 , 2 8
■■ ■ ”  : 5461 ~  1 .2 5 " 1 4 .69
II 4358 ~  2 .0 6 " 2 4 .2 0
percentage
c o n c en tr a t io n ,
Wave"length 
J.n S .U .
«1% If A/*R e f r a c t iv e
in d ex .  ( in  ( i n ^ )
0 .0 3 2 9  0 .1 81 5
9 ,7 9 3
If
" II :
1 9 .8 4 8
3 9 .8 7 0
ft
II
6708
6402
5826
5782
5461
4358
4046
6708
6402
5896
5782
5461
4358
4043
6708
6402
5896
5702
5461
4358
1.4856 0 .0 2 8 1 0 .1 6 74
1 ,48 7 1 0 .0 2 8 3 0 . I S S i
1 .49 0 4 0 ,0 2 8 8 , 0 .1 6 9 8
1 ,4914 0 .0 2 9 1 0 .1706
1 .4944 ; , 0 ,0 2 9 8 0 .1 7 2 1
1 .51 0 9 0 .0 3 0 8 0 .1 7 3 4
1 .5188 0 .0 3 1 1 0 .1 76 1
1 .4 7 65 0 .02 2 7 0 ,1 50 6
1 .47 8 1 0 .0237 0 ,1 5 3 8
1 .4813 0 . 0 2 5 3 0 .1 5 9 2
1 ,48 2 2 0 . Q2o7 0 .1 6 0 3
1 .4 8 4 8 0 .0 2 6 4 0 .16 26
1 .5 0 0 1 0 .0 2 8 9 0 ,1 7 0 0
1 .5075 0 .0 2 9 4 0 .1 7 16
1 ,4 5 9 0 0 .0 0 8 2 CU0905
1 .4603 O.OI06 0 .1 0 3 2
1 ,46 3 0 0 .0 1 4 3 0 .1196
1 . 4 6 3 7 ' 0 .0 1 5 1 0 .12 2 4
1 ,4 6 6 1 0 ,0 1 7 1 0 ,13 0 9
1 ,47 8 8 0 .0 2 3 0 0 ,15 17
1 .4 8 5 0 0 « 0245 0 .15 6 6
